7
Soils are the largest carbon pool in terrestrial ecosystems, and soil respiration is the major 8 pathway of carbon transfer from the soils to the atmosphere. Measuring and predicting soil 9 respiration has been challenging because the CO 2 efflux from soil integrates numerous 10 complexities belowground (Zhou & Luo, 2006) . Current models of soil respiration lack a 11 theoretical underpinning with which to predict how fluxes reflect different plant and microbial 12 CO 2 sources and mechanisms. Recent technological advances in automated soil respiration 13 systems are generating unprecedented numbers of high temporal-resolution observations (Savage 14 and Davidson, 2003) . Automated soil respiration (ASR) provide valuable information often 15 missed with less frequent manual measurements, and they present the opportunity to move 16 beyond empirical (gap filling) models towards a predictive understanding of the key mechanisms 17 that determine soil respiration fluxes. However, these continuous measurements present new 18 challenges in that they require the additional management of complex equipment and large 19 datasets as well as novel analytical approaches. vertical information of production and transport of CO 2 at different soil depths (Tang et al., 81 2003; Davidson et al., 2006) . The large datasets resulting from these measurements require 82 rigorous techniques for data assimilation to synthesize information and construct robust 83 mechanistic models. As a result, the parameters of the models can be constrained by high quality 84 data collected at a time-step close to specific needs. 85 A primary challenge in understanding the controls on soil respiration is to separate the 86 measured CO 2 flux into its autotrophic and heterotrophic components, and then to quantify how 87 each source responds to changes in the environment (e.g. light, temperature and moisture), 88 substrate supply and quality and plant phenology. The covariance of these driving variables often 89 limits the ability to predict parameters driving soil respiration. ASR measurements in 90 combination with isotopic techniques such as labeling (Carbone & Trumbore, 2007) 
Future directions 98
Currently, advances in developing mechanistic models for soil respiration are hindered by 99 both a lack of observations and the need to design experiments to emphasize the role of a single 100 driving variable. Special challenges include developing ways to better understand of the role of 101 substrate supply for both autotrophic and heterotrophic respiration sources. Again, discussions 102 highlighted applying a combination of approaches including the simultaneous deployment of 103 
